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Abstrat
In this work we use the number lassiation in families of the form
6n+1, and 6n+5 with n integer (Suh families ontain all odd prime num-
bers greater than 3 and other ompound numbers related with primes).
We will use this kind of lassiation in order to attempt an approah to
Goldbah strong onjeture. By means of a geometri method of binary
bands of numbers we oneive a new form of study of the stated problem.
1 Introdution
In June 1724, the mathematiian Christian Goldbah wrote a letter to Leonhard
Euler in whih he proposed the following onjeture:
All odd integer greater than two an be expressed as the sum of
three primes
The relation proposed by Goldbah is based on the primality of number 1, whih
was onsidered a prime number at those times. Nevertheless, this was rejeted
afterwards.
A modern version of Goldbah original onjeture is:
All integers greater than 5 an be expressed as the sum of three
primes,
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whih is also alled Triple or Ternary onjeture.
Thus, Euler proposed that this version has an origin on a strong onjeture:
All even numbers greater than two an be written as the sum of
two primes,
whih is alled Double or Binary onjeture.
It is lear that the ternary onjeture is a onsequene of the double one,
for that reason the last one is alled strong and the ternary is alled weak.
2 About the onjeture
We will begin our analysis of the strong Goldbah onjeture by using the results
stated by Garavaglia et al [3℄, whom had established that all numbers an be
lassied in families or kinds, whih obey the following formulas:
α = 1 + 6n (1)
ǫ = 2 + 6n (2)
γ = 3 + 6n (3)
δ = 4 + 6n (4)
β = 5 + 6n (5)
ζ = 6 + 6n (6)
All odd integers are represented by equations 1, 3, and 5, while even integers
do by 2, 4, and 6.
Sine only families α and β ontain all prime numbers exept +2 whih is
ǫ(n = 0), −2 who belongs to δ(n = −1), +3 whih is γ(n = 0) and −3 who is
also γ(n = −1) [3℄. Using the denitions given by the formulas 1 and 5, we will
use in the following:
2k = p1 + p2
where k is an integer greater then one and p1,2 are two prime numbers. Taking
into aount that most primes belong to the families α and β, the possibilities
of sum will be the following:
2k = α+ α
2k = α+ β
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2k = β + β
We will replae the expressions of 2k in the formulas 1 and 5, to obtain:
2k = α+ α = (6n1 + 1) + (6n2 + 1)
2k = α+ β = (6n1 + 1) + (6n2 + 5)
2k = β + β = (6n2 + 5) + (6n2 + 5)
rearranging:
6(n1 + n2) + 2 = 2× (3(n1 + n2) + 1)
6(n1 + n2) + 6 = 2× (3(n1 + n2) + 3)
6(n1 + n2) + 10 = 2× (3(n1 + n2) + 5)
It is demonstrated that the strong onjeture is ompatible with the lassia-
tion in families, it means that a sum of two numbers, α o β results of the form
2×k, with k integer. The preeding formulas (not ounting 2×) should generate
all integers k with n1 and n2 integers.
3 About number generation
We will dene:
ϑ1 = (3(n1 + n2) + 1) (7)
ϑ2 = (3(n1 + n2) + 3)
ϑ3 = (3(n1 + n2) + 5)
whih justify the following:
ϑ2 = ϑ1 + 2 (8)
ϑ3 = ϑ1 + 4 (9)
in order to maintain a onstant inrement we ould replae the last equation
by:
ϑ3 = ϑ2 + 2
In Table 1 we will use equations 7, 8, and 9 to obtain the numbers whih are
generated by eah one.
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n1/ n2 ϑ1 ϑ2 ϑ3
0 / 0 1 3 5
1 / 0 4 6 8
1 / 1 7 9 11
1 / 2 10 12 14
2 / 2 13 15 17
2 / 3 16 18 20
3 / 3 19 21 23
3 / 4 22 24 26
4 / 4 25 27 29
5 / 4 28 30 32
5 / 5 31 33 35
5 / 6 34 36 38
6 / 6 37 39 41
6 / 7 40 42 44
7 / 7 43 45 47
7 / 8 46 48 50
8 / 8 49 51 53
8 / 9 52 54 56
9 / 9 55 57 59
Table 1: Generated numbers by ϑ equations.
Then formulas 7, 8, and 9, have generated all numbers exept 2. In order to
obtain it, and to obtain all negative numbers as well, we will add negative ni to
Table 1. By doing this we obtain the following results indiated in Table 2.
n1/ n2 ϑ1 ϑ2 ϑ3
-1 / -2 -8 -6 -4
-1 / -1 -5 -3 -1
-1 / 0 -2 0 2
0 / 0 1 3 5
1 / 0 4 6 8
1 / 1 7 9 11
Table 2: Generated numbers by ϑ equations and negative ni
Taking into aount that dierenes between numbers expressed by equa-
tions ϑi is always 2, aording to the formulas 7, 8, and 9, and that the dier-
enes between numbers of the same family is always 3, ϑ1(1)− ϑ1(2) = 3. We
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onlude that these generator families (ϑi) will always over the entire oordi-
nate axis of integer numbers (Figure 1).
Figure 1: Axis over of Z numbers by means of ϑi generators
Then, with the introdution of the lassiation of odd integer numbers
like α and β, we have obtained a result that seems valid to begin analyze the
Goldbah strong onjeture.
4 About the restrition of our statements
It is true that we solve the problem of obtaining even numbers by adding number
families whih ontain almost all prime numbers (α and β). Nevertheless, we
have skipped an important point, not all α and β are primes. It is true that
these families ontain all prime numbers exept±2 and±3, but they also ontain
suh ompound numbers whih are produt of elements of these very families [3℄,
(α×α, β×β, and α×β). Atually we have demonstrated that all even numbers
an be expressed by the sum of two α , two β , or a β plus an α. Eventually,
the problem of this new form to analyze Goldbah strong onjeture, is based
on the possibility of replaing ompound numbers by prime ones while keeping
the sum intat. This fat ould not be estimated a priori , beause not all
ompound numbers are followed or preeded by primes. In other words, what
we try to do is to maintain ertain sums avoiding the use of ompound elements
from α or β. We will see that it is possible to apply this proeeding to some
examples, but our primary objetive is to prove that it is valid to all sums of
odd numbers.
First we an establish that while moving along a number family, α or β
, the gaps, (the group of ompound number inside them) are plaed between
prime numbers, whih means that, when we nd an even number whih is sum
of ompounds, it would be possible to replae one element of the sum by the
next element of its family, and the other with the preeding element of its
family. This is ahieved by summing 6 in one olumn and subtrating 6 in the
other. Atually, in Table 3 we show even numbers generated by sums of two β .
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Numbers of eah olumn are glided and eah number is dupliated in order to
over all possibilities. We observe that it is possible to replae ompound sums
by prime sums if we replae the ompound fator by the following prime of its
family, and the ompound of the other olumn by the preeding prime of its
family. By doing this way it is possible to nd a prime orrelation to a given
sum.
5 About the introdution of a graphi mode for
the onjeture
We will begin to observe the list of numbers α and β from a non mathemati
point of view, something like a binary series of white and blak boxes. Where
blak represents ompound numbers and white represents prime numbers. By
imaging this kind of bands, we see that when omparing any band with itself,
we are observing sums of equal fators. On Table 3 this happens one row at a
time. To analyze the replaement of addends of all sums who have at least one
ompound as addend we will have to ompare a band with itself inverted. With
this kind of onguration oinidenes of whites will represent the adequate sum
of two primes.
What we mentioned above an be observed in Figure 2, where blak repre-
sents ompound numbers and white represents prime numbers. In this graphi
we indiate the steps to follow in order to establish a sum of two equal or
dierent α and the way to express this sum as a two-prime one.
In Figure 3 we see the sum relation to the following: 25+25, 25+31, 25+19,
and 49 + 49
6 About binary bands
We will begin our analysis of bands by introduing the idea of band density.
In Figure 4 we an see the prev-density and the after-density of a band of α
numbers, aording to the numbers used as axis to rotate the band.
Then, we will all prev-density to the density of the semi-band plaed previ-
ous to the ompound number seleted as axis. We will all after-density to the
density of the semi-band plaed after the axis number, whih length is equal to
the previous semi-band.
Given a band and inside it a ompound number used as axis, we have three
possibilities to fulll the ompleteness in order to generate a family of even
numbers:
1. Glide a band to the right.
2. Glide a band to the left.
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Figure 2: Steps to establish the sum relation
3. Compare with itself (No glide needed).
All these possibilities are represented on Figure 5. After glide is done we have
to ompare the after-parts of the band and the prev-parts of it aording to the
steps indiated on Figure 2.
Using a random band, in whih we have left free the after-part for future
purposes, our objetive will be to obtain a pattern for whih the band ould
not have any prime oinidene. This pattern will be alled Non-oinidene
pattern, and it is showed on Figure 6.
We observe that this pattern is the inverse of the prev-band, and its density
orrespond to:
1−DA
Where DA is the prev-density. Sine the after-band must be unique, when
superposing all three possible patterns we observe that the after-density should
be ero. The density dened as 1−DA will be alled ritial-density.
To observe the behavior of this ritial-density we will see the superposition
of the after-band of our random band with its prev-band aording to all possible
glides. This is shown on Figure 7.
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Figure 3: Sum relation for the rst ompound α and for the seond
Figure 4: Densities for a binary band of α numbers
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Figure 5: Possible forms of omparing densities
Prev-density
Figure 6: Determination of the non oinidene pattern
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A=CoincidenceConfiguration
B=Non Coincidence Configuration
Figure 7: Analysis of an after band at ritial-density
Suppose we want to plae white and blak boxes in the after-band aording
to the ritial-density. While plaing them in a random manner, we see that
all glides may obtain oinidene. On the other hand, while keeping a onstant
density and make oinidene in the last box of the longest band (left glide),
we have only two non oinidene possibilities for the other glides. It means,
plaing blaks where whites are plaed for the right glide band, or doing the
same for the other band (no glide one). Sine we have kept the ritial-density
onstant, the generated patterns will be the non oinidene ones at least for
one of the bands. When dropping the density down below the ritial-density
the possibilities of oinidene will begin to diminish. In this partiular ase
the glided bands are oinident at least by two, whih means that the minimal
oinidene density is of the form 2/ν, with a band-length of ν. In other words,
we plae a white box in a plae of two band oinidene, and the other white
in a oinidene plae of the third. In this partiular ase, an after-density of
1/ν, will lead us to non triple oinidene. When using bands who have triple
oinidene, minimal oinidene density will be 1/ν, and the only hane of
non oinidene will be with after-density equal to ero.
By rising density above ritial, we see that this growth must be done by
setions, from the longest band to the shortest one.
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Figure 8: Rise of density above ritial value
In Figure 8 we observe that rising densities of the longest bands while keeping
the density of the shortest (inner setion), we an still plae whites and blaks
in a non oinidene pattern with the inner setion. This is beause we have
kept inner setion density equal to ritial. Nevertheless, being this the worst
ase senario, we see that by rising density immediately above ritial, the only
possibility of plaing whites is in a oinidene position. In Figure 8 we have
plaed whites in asterisk positions aording to non oinidene pattern, and
boxes with irles inside represent plaes where we an plae a white box if we
rise density. Aording to this, we see that when rising density above ritial
levels we obtain total oinidene of all glides.
7 About the use of γ family
We will use γ number family (see equation 3), whih ontains number 3 and all
its multiples, to make an addition with the well known families α and β:
α+ γ = 1 + 6n1 + 3 + 6n2 ≡ 4 + 6η
β + γ = 5 + 6n1 + 3 + 6n2 ≡ 8 + 6χ ≡ 2 + 6ξ
γ + γ = 3 + 6n1 + 3 + 6n2 ≡ 6 + 6ψ
By this way we have generated all families of even numbers, although γ fam-
ily ontains only number 3 as prime. When using this number in the onjeture,
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only sums where α and β are primes are valid, leaving gaps of even numbers
that an not be generated in this fashion. Finally, when adding two γ, it is lear
that the only even number generated as a sum of two primes is 6 leaving behind
an entire family of even numbers outside the onjeture. This justies why we
make use only of the families α and β.
8 Conlusions
The lassiation of numbers in families -like α and β- has been an important
fator referring to the organization of numbers. By the use of suh organization,
it is possible to follow the path traed by numbers while adding to eah other,
and verifying whih family of even numbers have generated. At the same time
we have established that not all even numbers an be written as the sum of any
odd prime. Only numbers of the families α and β generate established even
number families.
With binary bands we have presented a new way of wathing Goldbah
onjeture from a non mathemati point of view, we hope our analysis ould be
the starting point to establish a solution to this problem.
In future works we expet to perform a detailed study about π funtion.
This will allow us a omplete analysis of densities of α and β numbers, whih
will have diret appliation to the band analysis.
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β + β β1 β2 βprimo + βprimo
10 5 5
16 5 11
22 11 11
28 11 17
34 17 17
40 17 23
46 23 23
52 23 29
58 29 29
64 29 35 64 23+41
70 35 35 70 29+41
76 35 41 76 29+47
82 41 41
88 41 47
94 47 47
100 47 53
106 53 53
112 53 59
118 59 59
124 59 65 124 53+71
130 65 65 130 59+71
136 65 71 136 53+83
142 71 71
148 71 77 148 59+89
154 77 77 154 71+83
160 77 83 160 71+89
166 83 83
172 83 89
178 89 89
184 89 95 184 83+101
190 95 95 190 89+101
196 95 101 196 89+107
202 101 101
208 101 107
214 107 107
220 107 113
226 113 113
232 113 119 232 101+131
238 119 119 238 107+131
244 119 125 244 113+131
250 125 125 250 113+137
256 125 131 256 107+149
262 131 131
268 131 137
274 137 137
Table 3: Possible solution of the problem in two β sums.
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